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Manufacturing Technologies 

Sandia 
National 
laboratories 

Introduction 

The CL805 Capacitor WIndIng Machrne was 

developed for hrgh accuracy wIndIng 

Sandia National Laboratories’ 
Manufacturing Technologies Directorate 
develops tcchnologics and processes to 
assure rnanuliI~turability of products that 
are desi,gncd and developed by Sandia. Wc 
work shoulder lo-shoulder with rcsrarch 
and design stafl early in the development 
cycle to meet the nerds of our customers. 
Our stall and facilities contribute to and 
support all project stages: concept forniLI- 
lation. design. process development. proto- 
type LIbriration. test and evaluation, and 
li~llow-on production. 

Mosl products that are designed and de\,& 
opcd by Sandia are manulactured by 
industry ancl the US Department of 
Encrcv’s production agencies. and our 
involvcn~cnl continues throughout that 
production. Our strength c~mcs liom our 
pcoplr. with their diverse backgroIInds and 
skills. and our broacl-based. convcnicntly 
locatccl facilit its. 

What we do 
OIII- tmss~on I\ IO develop techniques. pro 
c’cbbes. ancl uniqur equipment lo satisfy 
prototype I‘ahrication and subsequent pro- 
clurtion ncc~ls of Sanclia in a salr and cnv- 
ronnicntallv ronsrious manner. We assist 
customers in finding available commercial 
solutions: when these are not available. wc 
pc~rlorni supplemental dev?lopmcnt activ- 
tics Ih,rt inrludr 

l I’roce~~ clevclopmc~nl: Develop. undcr- 
stand. and rharactcri/.c the processes 
ncccssary for production and develop 
specil’ications for those processes. 

l Prototype harclwarr: Fabricate or pro- 
curt prototypes for process evaluation 

and clcsign demonstration. 

Producibility asscssmcnts: Evaluate the 
dcsi,gn anti production processes to iden- 
ilk producibility iniprovc~mrnts. B uality: Develop appropriate quality 
lethods and controls to assure that 
cquirements are rnrt. 

Our capabilities 
The scnrircs that we provide are grouped 
into three m;I.jor terhniral arcas of prorcss 
development and fabrication: 

l Solid-State Dcvirrs 
l Hvbrid Microrirruits 
l P&ted Circuits 

l Elrrtronic- Fabrication 
l Mcasurrmcnts and Standards 

Malcrials 

l Metals 
l Ceramirs 
l Glass 
l Thin Films and Brazing 
l I’olymers. Aclhesives, ancl 

Composites 

l Machining 
l ManuliIrturing Engineering 
l Computer-Aided Manufacturing 

and Stereolithography 

We have internal terhniral resourrcs for 
engineering applications and development 
in rarh area and have transterred these 
terhnologies to and Ii-om industrial facili- 
tics throughout the Unitrcl States. In 
a nIanul;Ic.turin~-like environment, craft 
specialists. prorrss development cngi- 
neers. sricntists. and t?rhnirians work 
together to suggest and evalua~r options 
that best meet customer needs. 

A Castrng operation 

Thin-film microcircuit fa 

How we do it 
To impro\.c our skills and pcrformanre. wc 
interart with other technical sperialists 
and participate in cclurational programs. 
An internally operated lO.OOO-hour 
apprcntire program for rrafi sperialists 
ronsisting of on-the-job training. process 
theory. ancl other tcchniral roursr work is 
a key to maintaining our exceptional capa- 
bility. We attain ronrurrent engineering by 
our rrafi sperialists and terhnirians work- 
ing directly with customers and process 
engineers. 

We operate a large array of carchIlly main- 
tained marhincs and closely rontrolled pro- 
resses that are enhanrcd by the pride and 
skill of thr stall’. Our operations range from 
microscopir to massive. intriratr to simple. 
conventional to highly spcrializecl. and 
oll‘ice to rlean room. We continually strive 
to increase the ePfiricnry. robustn&s. and 
rl’ferlivcness of our prorrsses while rcclur- 
in<< hazards, wastes. ancl environmental 
imparl. 

WC arc clrdiratccl to satisl$ng the cost. 
schcdulr. and performance requircmcnts of 
our customers, ant1 pledge to continuously 
improve through quality prartirrs. I f  you 
would like to know more about our capabil- 
ities and how we can help meet vour needs. 
plcasc rail the Dircrtor of’ Manu&turing 
Tcrhnologies (505) 844-8035. 



Electronics 

Sandia 
National 
Laboratories 

Solid-State Processing 

The Solid-State Processing group pro- 
vides the process expertise and fabrica- 
tion support needed by engineers and 
scientists to develop new or improved 
piezoclectrics and Group III-V semicon- 

ductor components for a wide variety of 

sensors. resonators. and optoelectronic 
applications. Our staff is experienced in 
all phases of solid-state processing: 
substrate preparation. thin-film deposi- 
tion. submicron photolithography. 
micromachining, precision plating. wet 

and dry etching, and device packaging 
and evaluation. We develop, modify, or 

adapt processes to suit the needs of our 
customers. Our activities are centered 
in the Prototype Processing Laboratory 

(PPL) and the Quartz Device Laboratory 
(QDL). We work closely with designers 
from the conceptual stage of a project 

through prototype. test, and transfer of 
the technology to a manufacturing facil- 
ity. 

Major resources 
PPL 

l 

. 

l 

l 

l 

l 

l 

l 

l 

l 

Class 100 clean room dedicated to 

the processing of solid-state proto- 
type devices with principal emphasis 

on Group III-V semiconductor mate- 
rials, such as GaAs. 

Single and double-sided mask align- 
ers (0.6- and 2.5-µm resolution). 

Evaporative electron beam metalliza- 
tion using lift-off techniques for 
ohmic contacts and interconnects. 

Sputtering system. 

Vacuum-tube furnaces 

Reactive ion etching (RIE) of 
dielectrics and metals. 

Plasma-enhanced chemical vapor 

deposition (PECVD). 

Photomask design. 

Linewidth measuring systems. 

Precision gold plating. 

QDL 

l 

l 

l 

l 

l 

l 

l 

. 

Ion sweeping system for producing 
radiation-hard quartz material. 

Substrate ping and optical polish- 
ing (a 400 ft² Class 100 work area 

with 10 workstations). 

YAG laser precision tuning system 
with a focused 2-µm beam. 

24-position carousel for gold metal- 

lization and sealing of quartz res- 
onators (used for semiproduction 
runs). 

Vacuum furnace for sealing compo- 
nent packages. 

30-position slew tester (temperature 
and frequency). 

Microcomponent robotic assembly 
systems. 

Mass spectrometer helium leak 

detector. 

Precision gold plating. 

Prototype Processing Lab (PPL) mask 

aligner station, 

Selected accomplishments 
PPL 

l 

l 

l 

l 

. 

. 

We have demonstrated an optical 

tamper sensor that consists of an epi- 

taxially grown GaAs/AIGaAs sub- 
strate and an integrated laser diode 

that is coupled to a photodiode by an 
organic waveguide. Unique light 
absorbers, when disturbed by an 
intruder, change the electrical output 
signal from the photodiode. 

WC have demonstrated an on-chip 

series-connected GaAs optical power 

converter. 

An ongoing project is a 3-MHz GaAs 
resonator that will ultimately include 

an oscillator circuit on the same chip. 
The processing entails deep, smooth 
vertical wall anisotropic reactive ion 

etching. 

Another current effort is a ferroelec- 
tric nonvolatile radiation-hardened 

memory element. 

A new initiative is a 1-mm³ microma- 

chined quartz MHz resonator- and 
integrated package. 

Other projects include GaAs optoelec- 
tronic thyristors. optical logic ele- 
ments. lasers, photodiodes, and a 

variety of sensors for detecting 
infrared radiation. acceleration. and 
chemicals, 



— . . ‘v 

Substrate lapping and polishing lab 

Selected accomplishments 
(continued) 

QDL 

l 

l 

Tile qtmrtz and piezoclcctric cfevire 
prototype krboratory is capable 01 

producing a few to a few’ hLlndred 
resonato]-s on prociLlctiomlike 

eqL[ipmcnt (the caroLlsel). 
MallLlk~d Llrirl~ SLlppOrt processes 

are characterized and (hell trans- 
ferred to inciLlstry. 

The t’acilitv covers a t ol al of 2000 
[[2 and provides l-:lcii~ltiorl-llilr-d 

clLm_tz-based prototype compo- 

nents. Bars are CLIt from 
hi~h-pur-ity single-er-ystal qL]artz 
ancl further refined by mveepill,g to 
irrlprove radiation resistanm. They 
are then wafcrecf, lapped, and opti- 

cally polished to less than two 
wavelengths of light in flatness 

prior to photo-litho~raphy, rnetal- 
lization. wet etching, tuning, 
assembly, packa<gin, g, sealing, and 

testing. Typical finished devices 
inclLrde conventional and strip res- 

onators. accelerometers. rotation 
sensors, sL]rfacc acoustic wave 

(SAW) devices, and other piezoelec- 
tric components. 

l We prod~lce a wide variety of stare 

da-d resonators in the 15 to 100 
MHz range that are packaged in 
Iead]ess chip carriers. These pren~i- 

Llm devices arc used where high 
accuracy and stability are required. 

l A quartz digital accelerometer has 

been developed from wafer prepar:~- 

tion through all stages of process- 
ing and testing. An accompanyin~ 
robotic handling system was 

designed to control assembly of the 
miniat L]re parts to within 2 to 

3 ,um. 

l We developed the eqLlipment and 
the procedLrres for processing 
radiation-resistant qL]artz and 

transferred the technology to 
industry. 

Quartz Device Lab (QDL) resonator plat- 
ing and sealing carousel. 

(in Sandia National laboratories 
SAND 91 -0744 /7400 /f-ia 



Electronics

Hybrid Microcircuits

~___

Sandia
National
laboratories

Sandia’s Hybrid Mi(’rocil”cLlit group

supplies material and processing eXpel--

tisr- and prototype fabrication capabili-

ties fora wiclevar-iety ofhybr-id nlicv-o-

cirrLlit applications. We develop nM]lL]-

factLlring pror’esses, deiernline perfor-

mance characteristics, eslablisb design

prac(iccs and specifications. and pro-

vide opporl unit im for rwncL]rrcnl cngi -

llerring on ]lew hybrid riesiglls. We also

assist our customers will] the physical

design and layout ot’ the hybrid micro-

circviii, help them select the most

appropria[cx hybrid tccbnolo~v for the

applicati ml. develop ]ltnv nlaterials and

processes, and fabrirzrlc prototype sam-

ples.

A variety of both manually operated

and programmable automatic wire

bonders are used to assemble complex

hybrid microcircuits,

Capabil

● Thick -filn

hybrids.

ties

mu]tiklyr’r doub]c-sided

● Thiwfilnl hybrids,

● Chip and wire hybrids.

● L.Ow-temperat Llre r-ofired ceramic

three-dimensional packages,

● I Iybrid. s built on Duroid subsl rat es.

● &mlirwndLlclor device packagin~.

Both eutectic and epoxy die affach-

ment processes are available within the

Hybrid Microcircuit group,

Major resources

● Staff trained from PhD to Tradesman

]CVC], which allows LIS to support

projects across a wide spcctrL]m o]

hybrid rnicrocirmlit areas.

● A broad r-ange 0[ f:!hrication equip-

nlent, in{lLldin<g thick- and thirl-film

hybr-icl fabrication eqLlipnlent, a

direct-write Micropen ‘. C02 and YAG

lasers. dc nlagnetron vacuLlnl coaters.

via fillil~g n)achincs, and an isostatic

press for fahricat ing cofired ceran~ic

strLlct LL1-t’s.

A split-field microscope is used by the

operator to align a photomask to a pre-

viously patterned thin-film conductor

Dattern,

Selected accomplishments
.

●

●

●

Fabrir-alecl mimowave hybricls 1OI-u sc

al freqLrencies LIp to 1~ G[ Iz on

DL1roid@ s~lbstratcs havirlg 17-pnl

thick copper condLlctors that were

patterned to climcnsional accL{racics

of better tban 6 ~rn. The hybri{is cwll-

lained throLlgh-ho]c and slot vias :is

well as component c:ivilies for [llorlo-

lithic microwave lC devices.

EvalLratrxl the (hcrrna-cycle Iik’ O(

surface-mounted [.C~. packa,<es on

ceranlic substrates.

Characterized wire-bonded semicorl-

dLlctor devices in IKC packa~es to

mechanical shock levels grea~er- tbarl

150,000g.
Developed [OIIWD(S for packaging

electronic circuits (hat will be sLlt]-

jecteri to hig}l-level rner-hanica]

shocks.

The precision patterning available using

photolithographic processes on thin-film

networks is well suited to the fabrication

of high-performance radars,

@lSandiaNationallaboratories

SAND 91-0744 /7400 /f-ia



Electronics

Printed Circuits

mSandia
National
laboratories

Sandia’s Printed Circuit group provides

the technology base for the desiRn,

development, and production of electri-

cal interconnection devices using

organic-based Iaminates. We provide

opportunities for concurrent engineer-

ing as well as process and nmnufaclur-

iryg cleveloprnen( for customers using

printed circuit boards, flex cirmlits,

rigid-flex devices, and chemically milled

metal foil prod~[cts. \\Tedevelop new

ma[crials. select the most appropriate

material and packa,gil~q technoltr<gy for

our projects, al~d f:lbrica(c, assemble,

inspect, ancl tcst elect rical illt erconnec--

lion circ~litry. 111the Prototype

Dmrclopmcnt I.aboratory. we tlse state-

of-the-ar( eqtlipmen~ to fabricate proto-

type hardware.

\

,-’” ‘“-”-/
X-ray diagnostic tool used to pinpoint

faults on inner layers of circuit boards,

Capabilities
.

●

●

9

Develop, fabricate, assemble, and test

multilaycr printed circui[ boards

- tlex circllits

rigi&flex devires,

E1~\ri~-olltllellt:illy test electronic sub-

systenls, perform x-ray inspection,

and test bare boards.

Provide screen printing, wave soldel--

in~. aqueous clcanin~, rnicrowelding,

and solderinx.

Unique implementation of waste

reduction and recovely sys~enls.

Precleaning and fluxing board for hof-

air leveling

Major resources

●

●

●

●

Staff trained from HID to Tradesman

level, which allows LIS to support

projects across a wide spectrum of

printed circLlit areas.

O~lr Excelloll Direct-imaging Systcm

[1 allows inmledia(e. direc[ imaging on

prin~ed circtlit boarcls ancl provides a

cleaner imir2c than a photographic

pl-ocess.

lntegl-i-Test bare board tester.

Astrophysics Research Corpor-ation

x-ray inspection system.

Numerically controlled drill

Selected accomplishments
●

●

●

●

Developed processes for plating cop-

per onto L)uroid’) substrates.

Used the direct irnagin~ systcm for

printed circtlit board processing.

Established performance character-

istics of interconnect circuits.

Demonstrated a copper recover-y sys

@ilSandia National laboratories

SAND 91-0744 /7400 /f-ia



Electronics Ii!!)Sandia
National
laboratories

Electronic Fabrication

Sandia’s Electronic Fabrication grm]p

provides electronic eqLlipnlen( design

and fabricai ion for a wick variety of

appli( ’ations. Capabilities inclLlcte

design. an opportunity for concurrent

erl<qincerin~ for designers. and fabrica-

tion of the clesigrls. We also provide

(x)rlcLlrrcrlt crrginccring and prototype

rnagnct ic device fabrication for rlmr~y

types of coils and transformers.

Our effort includes

● Engineering consultation.

● Review of worksheet or drawings.

● Ordering parts required for process.

● Plarmirl,< ancl fabricat inq special

brackets, cases. chassis. and panel

erl,~raviqq.

● Complete inspection services.

● [>c)ctlrTlellt:ltiorl 0[ design and illspec

tion reql]iren~ents.

● Assisting en,qineer with complete sys

terns troLlbleshootirlg and final pro+

(IC( testinq.

Sanctia’s Coil and Transfornler

Fabrication effort inclLlcles

Wiring of an rf test chassis for evaluating

fuzing radars

● Erl~illeerin<q consultation.

● Review of wor-kshecl or drawill<qs.

● Machining LlrliqLle or comnierciallv

Llnavailable bobbins or wirldillg lor-ms.

● Winding the dcviccs and applying

inlcrlayer ins(]lation, ellcaps~llating

tht> device (irvproccss and after w’illci-

irl~). inscrtin~ windill,g taps, and Ler-

rninating the leads.

● Testin,< the finished device.

\
k.

,— -

Designing printed circuit boards using a

commercial P-CAD software package

Capabilities

● [Ayolltprintecl wirin~ boards.

● Corlc Lrrr-ellt en,qilleerirlz.

● Omsitc and elf-site eqLliprncnl instal-

lation.

● Coil Willdin,q Shop (all wind de\’ices

with L~ltrafirle wire [AWG 55, a fraction

of the size of a llllman hair) to heavy -

ctLlty wire [AWG 2 and larger wit t1 Sp(’-

cial set Lips).

● OLrr engineers are ac[’essiblc, making

ill-process design chall <<es easy.

● Fabricate one-of-~ 1-kind itell~s.

● Develop nmn[tl>lct Llrillg proced[lrcs.

● Hancl wirrcl when autonlation is not

practical.

Inspecting a cable using the tester that

was designed, fabricated, and pro-

grammed in Electronic Fabrication



Major resources

.Fabriration Shop h;ls a llu~chine shop

l[]l-lllc’cll:lrli(:ll fal>ri(atiotl. We Llse

S(:l(e-ol-ll le-:lt”t conlpLlkr-

cwn(rolled rq~liplllent to procl~lce

ile Il)s sLI(h as en,gravd al~lminltm

front panels lo[-testecIllipnlelll.

●Tcs1 equipllwI)t [() eval[late sophisti-

cated illlc’r(’oll~lc’ctecl systems. It ran

measure resistive continuity in the

nliIliohl~l ra[l,qe and leakaze mlrrent

with applied volt+<es up (() 500 Vcic.

●Cotllpl lter-cotlt rolled” layerecl mlcl

toroid winding machines.

Assembling an array of components

(isolators, rf switches, equalizers, ampli-

fiers, and semi-rigid coaxial cable) onto

a range delay board,

Selected accomplishments

● [>esi~nc{l atl{l built t~s[et-s that pro-

vide Iiqllicl-[()-lic[([i[i thermal sllmk or

thermal cyclin~ with colllplltcr-

controlled conlin~lol[s lCS1 llmllilorill<q.

● Desi,<ncd atld built a tester to nle:u

sure Seebeck ch:ll-:l{t(>risli(s o[’ thil~

film nlet:lllization,

● [hviclcd coIlcLlrrellt engillmv-i]l,< and

Ihbrica[io]l [or a wide variety of rq(li[)-

ment to sLlpport major Sandia

projcds.

● Coordinated (he layo~lt :LIICI ilwtall:l -

tion of electronic cqllipnwnt at m:ijOl-

renlote Salldia sites sllch as Kall;li

Test Facility, Nevada ‘1’es[ Site. and

Waste isokrl ion Pilot Plant.

mlSandia National laboratories

SAND 91 -0744 /7400 /f-ia



Electronics

Measurements and Standards

(i@Sandia
National
Laboratories

&mcfia’s MeasLlrmnents and Standards groLlp’s main

responsibility is to calibrate measuremerrt eqL~ipment. We

also diagnose. repai ]-, and modil.y iIlsl ruments, and help our-

customer-s sclec[ instruments and interpret data. We label

equipment with {calibration and cxpiratiorl ckltes, and

maintain measLrrcmmnl data files.

Automated microwave measurement systems

Automated frequency system,
.—

Capabilities

● Measurement disciplines, electrical standards:

ac voliage 1 ,uV to 1 kv at

10 Hz1o 1 Mllz

cfc voltage 1 pV 1030 kV

ac-dc current 1 nAto 100A

capacitance 1 pfto 100 pf

indLlct ancc 10 pIi to 10 H

resistance 1 rnil to 10 Tfl

frerf~rency 10 mHz tO 26.5 C,] Iz

rf power lopwtolw

attcnLlation (() 120 [mm

● Measurement disciplines, instrument repair:

ac voltaze 1 ,uV to I kV at

10 Ilzto 1 MHz

cfc vol(axe l~vtolokv

ac-dc cLlrrent 1 pAto IOOA

resistance 10 ruf) to 100 ML)

tcmpera[Llre -Ioo’c to 1200‘c
frequen(y I [lx (() 1.3 GHz

● Calibration disciplines, physical standards:

press (rre, s(atir 1 nltorr to 10,000 psi< gas

1 to 60,000 psig liq~{icl
])ressllre. ctynarnic 1 (0 1000 psig @s, 90-ps step

1 to 100,000 psig oil,

7-111SpLlkc
acceleration. ste<ady 1 to 5000g
acceleration, shock 1 to 15,000 g, 90-ps pLrlse

acceleration, sine 0.5 to 30 ~, 5 [[z to 10 kHz

gas flow 1 seem to 10 scfm air

force, static 50 [0 20,000 lb

relative h~lmidity 8 to 98 percent at 5 “C to 80”C

clew point -25”(2 to 90[’C
tcmpcr-at LI r-e -100 ‘C to 2500’C continuo~]s,

([)(.<.,,.(,. 1,,,,,,<.,.,l,,,<.. c.,,, ,,[.<,l,, ,,,<,,1,,,,(I)

● Measurement disciplines, mechanical measurements:

angles (o 36C)-

diameter
rwter-nal 0 to 18 in.
internal 0.007 to 12 in,

opt ical flatness 10-in. diameter
force 0.002to2500It)
length

(’ordinate 78 in. .x 47 ilr. x 39 in.

linear O to 40 in.
mass 0,05 to 10,000 g
surface rou@lness 10 125 pinch
roLmdness O to 12 in. diameter
thr-ead form most pitches



Calibration adjustments on an oscilloscope plug-in,

Adjusting speed control potentiometers to initial settings in

preparation for running an absolute calibration on

accelerometers mounted in a Genisco Model 1068

Centrifuge,

Major resources

●

✎

●

✎

●

ALI[omat d microwave calihrat ion sysl en]. aLIt omated

resist ancc calibration system. hi@voltage system, higil-

accur.a c-y dc mmsurcment system, hiL<hac(’uracy

ac llwasurement system, and impedance measurement

systcnls. A systmn that provides frequcmry traceability
directly to the National Instit Lltc of Stanclarcls ancl -

Technology (NIST), a(lt ornated frecluency calibration

systellls (ciesigned and built by Sandia) that call calibrate

Llp to 20 instruments at a time. ALltorllateci rllu]tirlletel-

calibration systems.

Systems for (zdibratiorr

01 ~enera-pclrpose illstrlll~lerltatiorl for at and clc

voltage, cLlrrent, ancl resist ante

of temperature measLlring and reacloLlt devices

and repair 01 oscilloscopes.

TenlperatLlre standards, baths. and chambers, a state-of-

the-art automated system for tenlperature and ]lurllidity

nleasurements. and an automated system for calibration

of’ m[lltiple thermocouples.

Kin& Nutronics calibrator. Ashcv-ofl deadweight tcstcv-,

Sancli:i-designed high-pressure rack, MKS 13aratron

Heads. Rllska DDR 6000 higil-pressLlre stand, PCB pLIk

calibrator-. Impac Tower, cwntrifu~es, clrop ball shock

tester, Sierra Ca-Brmch, and Flow Systems, Inc. sonic

nozzle system. Usc comp Lltcr to control clynamic pressllre

calibration capability and most processes.

Zeiss UPMC 550 coordinate measurin~ machine,

universal measuring lmachines, OGP optical corrlparator,

surface analyzers, gage block conlparaLor, ancl spcwialized

optical measuring equipment,

Selected accomplishments

● Developed a blackbody source for optical pyromet m-

calibration.

● Perform dynamic pressure measurements.

mlSandia National laboratories

SAN D-9 1-0744 /7400 /f-ia



Materials (i!@)Sandia
National
laboratories

Metals

Wax pattern used to produce ceramic

mold for casting stainless steel,

Sancfia’s Metallllrgical Processin~

Laboratory focL]ses on sma]]-qllantity

prototype parts for a wide variety of

projects. Diverse fabrication techniqLles

and processes are available. irrclu ding

forginx, c:astin~. welciing, and heat

h-eating. as well as a pattern ancl model

shop. OLlr staff and tradesmen support

these capabilities to provide a fLIll range

of services to oLlr cLlsknners: design,

fabrication, inspection, and acceptance

(csting. Our primary efforts inclLlde

.

.

●

●

Design and production of investment.

sand. and permanent mold castinps.

A f~lll range of welding and heat
trcat[nc]lt c~apabilities.

A wide variety of coating and plating
processes.

Detailed process specifications for a

wide ran,qe of allo}7s to meet the

dcnmllclillg reqLlirmrlerl{s of o~lr cLls-

[Onlcrs.

Capabilities

●

✎

●

●

●

●

●

Employ hi#l energy density [eleetron

beam, laser, ete.) and conventional

wcldin~ processes with a fLlll range of

inspection ancl tcstin<q eapabiliticm,

cast a] LllllillLllll, lead. and other 11o11-

terrous met a]s wil h sand or pernr:w

nent Ilmlds.

Pr-odLlce precision investrrlent cast-

inqs in complex shapes from vario Lls

alloys, illelLldil}S vacLILln-cast. pre-

{>i[)it~~tion-h:~rdcrlecl stainless steels.

Apply coatings [enamels, epoxies,

acrylics, kicqLlers, Teflons ”).

polyLlrelhanes, silicones, solid-film

lL1brica~~ts, and ablation films) [o pro-

totypes. models, test Llnits, and

experimental syslems.

Preform chemical and mechanical

cleaning. aloclining, precioLts metal

plating, elect replating elect roless

plating. and matrix stLldies for pro-

cess development.

ProdLlce patterns for foLmch_y Llse,

wood models or nlockLlps, and special

shipping and stora~e containers.

Perform unique developmental coat-

Welding with the shielded metal arc

process on a high-pressure (1 500 psi)

test vessel,

Major Resources

●

●

●

●

●

CompLlter-controllec[ electron beam.

C02, and solid-state laser welders.

State-of-the-art dual-station 300 kW

induction melting facility with an

environmentally safe aluminum

degassing system that uses inert gas

instead of chlorine.

A precision ceramic mold-making

facility for prodLlcing complex invcst-

rnerrt castings of varioLls alloys.

including vacuum casting,

A fLll] rang? of meta]]urgical process-

ing eqLlipment: fLlrnaces (air, inert

gas, vacuum flLlicfizcd bed, and salt

baths), qLlench tanks, deep freeze,
:ind Iaqqc> .sanclbla,sl room.

Extensive inventory of certified weld

ing work in both organic and inorgan-

ic surface rnodificat ion technolcgies.

These include precious metal plating,

electroforrnin~, anodizing, elec-

trophoresis, sprayed organir paint

finishing. powder coatings, and spe-
cial sllr[>ice preparation tecbniqlles.

filler metals for both gas tungsten
and gas metal arc welclin<q processes,

● Complete pattern ancl l~loclrl-]ll:rkirl,<

eqllipmeni.

Weld schedule development for the

AL-SX shipping container,



Selected accomplishments

s InvestnlenL cas(ing al pl-ototype and

production ITWkLl housings has saved

over $4 million rela~ive to convcm

tional t~lachi~lirlgprocesses,

s Received paicnt for-precision wire

[cecler for usc with C02 laser wrelcier.

● \veldecl and inspected prototype low-

level nLlclear waste shipping contaim

ers (such as TRUPACT and NUPACT).

s Mociilied the design to enhance nlan-

ufactLlrability and fabricated a field

plalform for treaty verification hard-

ware for use in the USSR.

● Fabricated 800-lb aluminum castings

[or mobile camera bases for the US

Air Force and other customers.

● Fabricated and inspected reenky

vehicles and provided technic-al

assistance to E@in Air Force Base

fabrication facility,

● Developed fixturing and weld pro-

cesses for [abricalion of 1-roil tanta-

lum foil envelopes.

● Developed processes and wrote spec-

ifications [or a wide ran~e of coating

ancl plating applications: special

ligh(-sensitive organic coatings for

satellite hardware, heat-absorbing

ablative coa(ings to rocket boclies for

testin~ programs. special coatings on

weapon bodies that can withstand

extreme environments, fabrication 0[

unique shapes Llsing electroforming

tcchniclues, and processing methods

Ior electroplating black chrome coat-

ings on solar collecLor tubes,

(mlSmdia National laboratories

SAND 91 -0744 /7400 /f-ia



Materials mSandia
National
laboratories

Ceramics

High-quality prototype electronic com-

ponents are assembled and inspected

prior to developmental testing,

Sandia’s Ceramic Processing

I.aboratory provides a wide range 01

processing options for many types and

composil ions of prototype ceramic com-

ponerrts [alumina, lead zirconate

(ilarrate ([’ZT), barium titanatc. zinc

oxide (ZnO) varistor-, and ceramic

sLrperconduct ors]. Specifically, we

.

●

●

FornlLllatc and prod~lce klilored poly -

crystalline ceramic compositions by

conventional mixed oxide or by

advanced chemical preparation tech-

nology.

Fabricate a variety of prototype elec-

tronic and structL~ral ceramic conlpo-

nents.

Determine key processing parameters

related to ceramic powder prepara-

tion, consolidation, densification, and

assembly to optimtize the properties

of the final ceramic component.

Capabilities
●

●

●

●

●

●

●

✎

Fabricate prototype ceramic compo-

nents to support the design and Lest

phases of a wide range of Sanclia

projects.

Interface with Sandia designers and

external ceramic vendors to assL~re

that appropriate materials and speci-

fications are selecteci to meet cLrs-

tomer needs at minimum cost.

Develop new chemical preparation

pr-ocesses for ceramic powcler pro-

dLlcLion: perform process develop-

ment needed to scale LIp klbor. Ltory

research processes.

Provide an alternative production

capability and improved processing

for ferroelectric ceramics.

Fabricate pro(otypc alumina struc-

tural or inslllatirl~ components with

rapid turnaroLJnd time.

Develop multilaym- ceramic-metal

devices based on the tape casting of

thin (0.00 1- to 0.080- in.) flexible

ceramic layer-s and associated thick-

Iilm tmhnolqgies.

Prodllce fLllly dense refractory ceram-

ics or composites by hot pressing a~

temperat Llrcs up to 1800°C in con-

trolled atmospheres (vacLILlnl. air, or

inert gases).

Employ powder collsolidatiorl nleth-

ods such as Llniaxial and cold iso-

static pressing, slip cast irg, and col-

loidal filtration [o shape form ceramic

parts.

Major resources
.

●

●

●

●

Clean room facilities designed for the

chemical preparation and processing

of ceramic materials.

MLlltiiayer ceramic processing faciiity

for developing advancecl electronic

ceranic components.

“’Pilot-scale” ferroelectric powder and

eornponen( processing facility.

State-of-the-art powder consolidate ion

cqLlipnlent, sintering fllr-naces, and

hot presses.

Prototype ceramic rrmchining and

component assembly equipment.

The ceramic finishing process is critical

because mechanical properties of

ceramics are greatly affected by sur-

face treatment,

The hot pressing process is used to

obtain very high density ceramic speci

mens,



*

Superior varistor materials are produced

using a batch-type chemical prepara-

tion process,

Selected accomplishments

●

●

●

●

●

●

●

●

●

CoIlvertcd a Iaboral ory then-prep

trchniql]e Ior prod(leillx 22]0 varis-

tors into a hill-scale maIILIfa(t uring

process by carefully Miloring 1he

process.

Sealml up a continllous precipitation

process for preparation of high-

purity honlogenLwLis ceramic super-

cond~~c.tor (YBa2CL1:j07 ~) preeursor
powders.

Developed an orga[lic system for Lise

ill (Ile tape cas(ing of oxide, nitride,
met al. :]nd <glass pmvclms.

Dm~clopcd new lornllllations fol- {he

fabrication of large. crack-free nlulti-

Iayer PZ’I’-l)l devices,

Dmwlopecl a process to fabricate

A1203-M0 cleeirmlic packagin~.

Developed a precision high surface

finish melallizec~ a]umina to vaporize

lithi~lm for particle beam fLlsion

ener<<y experiments.

Sllpported production schedules by

servinx as an alternate production

site for f’erroelec( t-it components.

Developed pro~otype processes for

radioisotopic thermoelectric @lera-

tors and for lead kmthanum zir-

conate titan ate (PLZT) elcctro-optic

ceramics.

Helped establish profitable product

lines at industrial vendors for four ot

the processes developed here at

Sandia.

‘i

i~
Chem-prep varistor precursor material is

prepared by precipitating the metal

ions as an insoluble species,

@lSandia National laboratories
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Materials

Glass

(m)Sandia
National
laboratories

Forming the end of a quartz tube with a

carbon shaping rod

%nclia’s Glass Processing Laboratory

per-forms a wide variety of both [trad-

itional and highly specialized glass pro-

cesses. We provide @rss ancl #ass-

ceramic products to meet the clemand-

ing reqllirements and specialized needs

of ollr custonlers. Specificallyl w7e

.

●

●

●

Formulate ancl produce glass and

<Iass-(marnic compositions by com

ventional high-temperature nlell ing

or low-temperature chemical poly-

merization [so]-gel technique).

t?stablisll key processing parameters

(SLICh as annealing and crystalliz:l-

iioll tempera(urcs): determine a]ld

control residual stress in [bin films

and thick glasses: analyze failures:

and rrleasure physical proper{ ics

(s{lch as thermal expansion. density.

viscosi~y versus tenlperaLure, glass

transition Ienlpcraturr. and index of

reh-act ion].

Fabricate a wide ranqc ok’ @lss app21-

rat us fot- electronic. \wc LILInl. iand

chemical applications, illcluclin~

q~lartx s(>llli[c)tldllcto]- glassware.

Fabricate prototype electronic al~d

specialty conlpollen[s that incorpm

rate ,glass or glass-ceramic to metal

seals.

Capabilities
.

●

●

●

✎

●

●

●

●

●

●

ProclL]{e hernwlic glass or @ss-

[m-amir to metal seals Ibr a wide

variety 01 ele(’tronic (wnlpolle]lis.

I)erlorm :1 ILI1l ran~e O] lornlir~g tech-

Iliclues. illcl{lding (astir]<<, pressing,

and spi]lnill,g.

Chcmmi{ally st relvgthcm glass 10 cl Is-

tomer spccilicat ions.

Fabricate vacutInl gk]sswarc. ba(’kfill

wit h spe(iliml ,qas, and analyze usiug

Luass spectrollw~ry.

Deposit thirl ~lass films with com

(t-otled porosity ~lsing the so-zel pro-

CL?SS.

Machine Llltril–lo\v-clellsi(y ~lass

foams (aero~els) prepared by sol-gel

processing.

Perform low’-Lenlperature field-

assistect bonding of glass to senli con-

duclor materials.

Apply conductive coatings (such as

silver, tin. ~old, and platinum] by wet

chemical and thermal processes.

Assess component structura] design

by performing firrite-elcmen( stress

anal-y sis.

Machine specialized fixtllres and

molds in the laboratory.

Continuously monitor oxy~cm partial

pressure and dew point of furnace

atmospheres.

.“,

●

●

●

●

●

●

●

.

Hi~h-tempcratLlre ( 1700 C) glass

melting furnaces with either resis-

tance or induction heating. with

caparity up (o 15 kg.

Class 1000 clean room for the appli-

cation of so-qel thin glass films by

spinnirlg and dipping methods.

Differential thermal analyzer-. expa~l-

sion and contraction ctilatometer,

beam-bending vis(wmeter. corrlputer

image-enhanced polarimeter. :Lnd

thirl-film stress and thickness in(er-

feromct ers.

Microprocessor-con trollect hydrolILl -

oric acict etching and cleaning

station.

Microprocessor-controlled large-

capacity quartz annealing furnace.

precision ~kiss lathes for shapirlg soft

@isses, borosilicat e pjasses. and

fllsed quartz

MicrO1]l-”cc’ssor-collt rolled hatch and

traveling belt fllrnaces [ha[ can be

r~tn with inert atmosphere or speri -

fied cover ~as for glass-rmi al seal

fabriczrt ion.

CorT112Lller-col~trollc[l,” 50 W C02 laser

sealinz station.

50 W C02 Laser Sealing Facility. The

image shown on the monitor is of a

molten glass rod heated by the laser



Inserting the glass preform into Inconel

718@ metal shell, Cutaway of finished

part is shown at upper left

Selected accomplishments

●

●

✎

●

●

●

●

✎

Developed prototypes for numerous

elect rorric glass ancl ,<lass-ceramic

weapon components (hat are ~lsecl in

severe environments (act uat ors, bat -

teries, microminiature collllectors.

detonators. fiber-optic clcwices, sen-

sors. and x-ray tubes).

Patented several high-expansion

glass-ceramics for sealing to high-

strength, cm-rosior>-resis( ant alloys.

Dcvelopcc] sol-gel glass coatirlgs for

antirellective ,glass and plastic sur-

faces for solar ener~y collectors.

invented so-gel protective coating

and an aerogel-phosphor composite

for raclioluminescent light sources

and power applications.

Pr-c~d(lced quality melts of hi~hly spe-

cializeci glass compositions, includ-

ing telluriun- and tungsten-based

glasses. aluminum-sealing glasses

basecl on phosphorus and

ger”maniunl, ancl a variety of ffuoride

glasses.

Invented a family of corrosion-

resislant sealing glasses for use in

ambient-temperature lithium

batteries.

Developed novel techniques for nmk-

in~ hermetic seals (field-assisted

bonding and laser sealing).

Provided design and process develop-

ment for pyrotechnic devices for Los

Alamos National Laboratory, NASA.

and Westinghouse’ Electric.

Developed optical feedthroughs for

laser diode ignition of pyrotechnics

and for sin<gle-crystal quartz

Mounting of glass specimen for differen-

tial thermal analysis.

resonators.

(iii)Sandia National laboratories
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National
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Thin Film and Brazing

*-“ “a

---- ---
, —----’{>

‘i$Ei 1
Electron beam evaporator state-of-the-

art computer-controlled thin-film depo-

sition system,

Sandia’s Thin Film and Brzzing

I.aboralory’s diverse equipment and

staff allows us to meet a wide range 01

m:aterial process and hardware

requireulents. We have state-of-the-art

equipuwnt for electron beam evapora-

tion, SpLI ttering, plasma-enhanced

chemi(zd vapor deposition (PECVD),

and brazing. Specifically. we

●

●

✎

●

●

Deposit many types of thin films for a

broad range of’ hardware and compo-

nents using processes such as physi-

cal vapor. chemical vapor, and spLlt-

tcring cleposition.

Join metals by brazing, soldering,

and diffusion bondin~ in vacuum.

hyrlr-o~en, and inert atmospheres.

Metallize (erarnic surl:lces for metal-
twceralllic or (.erartlic-t o-ceranlic

bonding metallurgical barriers, and
compatibility with mating surfaces.

Clean metal and ceramic surfaces for
vacuum devices by chemical process-

es, vapor de,greasing, and high-

temperature firing in vacuum, hydro-

gen, and inert gases.

Provide short-term prototype fabrica-

tions (including specialty fixture

development) for unique applications

in thin film and brazing.

Capabilities

●

●

●

●

●

●

●

●

●

●

●

Routinely sputter over ~~ e]mnents as

wel] as numerous compounds, gkMs-

CS, and metal oxides.

Deposit diamond-like carbon. Si3N4,

and Si02 films and ar-e pnrsuing a

program k) sp~ltter-deposit high-

temperat urc supercouduct ing

mat erials.

Employ wet ancl dl~ hydrogen ancl

inert gas processing furnaces for

state-of--the-art brazing and metal

OXide reduction Llp Lo LCmperatures of

11OOC’C, particularly for stainless

steels. nonferrous materials. high-

tenlperal ore alloys, and refrwtory

metals,

Use hig~l-vacuum (<] 0-6 torr) [Llr-

narcs for treahnents tlp to 1600°C.

Perform special bonding operations

(such as field-assistrd bonding and

unique soldering processes).

[J( ilize processing workstations with

better (ban Class 1000 clean room

conditions for sputter and chcrnical

vapor clcpositions that require high

pllrity and contaminant ion cent rol.

Have engineering expertise to develop

unique deposition systems and fur-

naces to meet specific customers

requirements including design. fabri-

cation. instrumentation, and control.

Analyz resorption of materials under

vacuum ( 10-7 to]-r) at 10OO°C and
higher. potet~tially at tenlpm-at{lr-es up

to 2200”C.

Manufacture vacuum gauges and
other vacuum instrumentation for
special applications,

Design and manufacture fixtures for

brazing and high-temperature treat

ments.

Deposit optical-quality coatings.

Major resources

●

●

✎

●

●

●

●

●

Radio frequency and direct current

(pkmar and magnetron) sput tm depo-

sition systems.

Physical vapor deposition systems

using electron beam and resistive

evaporators.

Higll-vac~~~lnl (< 10-6 torr-). wet and

dry hydrogen, and inert gas process-

ing furnaces.

PECVD systcrns.

Better than Class 1000 clean room

for deposit ion processes (hat req~lire

hi~h purity and contamination colI-

t rol.

Ultrahigh vacuurll and cent ro]]e(l -

atmosphere diffL~s ion bonding syst-

ems.

C02 cleaning system.

UltrahiZh vacuLlnl and contro]led-

ambient hot presses with a tempcr~v

ture range Llp to 1500”C and tens of

tons load capacity.

Sputtering (front) and chemical vapor

deposition (back) state-of-the-art com-

puter-controlled thin-film deposition sys-

tems,



Large hydrogen brazing furnace,

Selected accomplishments

●

●

✎

✎

●

●

●

Fabricated short-tern] Iow-q(la]ltiiy

prototypes in the brazing ancl thin-

fillll d&sition areas to sL]pporL

satellite har(lware. lligll-vac~l~llll

clevi(cs. test programs. and ener~v-

related n]at rrial al]cl process clevelop -

Illerlt.

Brazed 1o~cthm conlplex geonletries

and perlbrmed thermal processing of

mat trials for fusion ener-<gy projects,

Proclllced ron[act nletallizations for

[he llllotoc[Jll(lLl(t” ive silicon device

development programs to evaluatr

compatibility and environmental

issLles.

Used ciesorptiml st~ldies to red~lce

premature and post -discharge break-

(iown of vamlum tube devims.

Developed a short br-zze cycle

( 1087[’C to 1990<’C for 6 to 7 s) to

contr-ol copper migration during braz

ing for improved structural integrity.

Successfully deposited contact nmtal-

Iizations on H@2 crystals.

LJsed C02 to dissolve organics and to

remove par( iculate corrt aminants

from ceramic piece parts for vacu~lrn

Sputtering and evaporating systems for

prototype thin films (2 of 10 processing

stations),

devices

mlSandia National laboratories
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Polymers, Adhesives, and Composites

A peel test on a sample of OFHC cop

per/60Sn40Pb/A261 1 flux,

Smldia’s I’olymcrs. Adhesives, ancl

Conlposi( cs I.:lborat ory proviclcs mate-

rial allcl proccssin<< expertise alld prw

totylle Ial)ritwl ion capabilities for a

wide varic[y of po]ynwr applications,

WC practice (w]lcIIrreIlt cnginccring

wit h rlesi,qllers who arc in~folved ill the

applic:l (ion o]’ tl~et-l~]cj.settitl<. thermw

plas(ir, and colllpositc nultcria]s. We

roll (inely Ilsc tllrsc materials (0 join,

pack:]:<[’, al~d provide str~ict~lral mtvm

hers 10 s:ltislj d{mmndill~ electrical,

nlc(,ll:llli(:ll, :Illcl <>llf~il-(>]llllc~[ll:ll design

r-ec]llir-(’lll{ll[s. Spr(il”ic:llly. we

.

●

●

For[lllrli]t{ l-rsiil syslcllls I“[)t-:1 wid(,
r:]]l,ge 0[” proioly]w :ippli(.ntiol]s:

these rx>sin syh[rmls i]l(l(lde epoxies.

sili[mrlcs, :]11(1 }]ol}~llr(’ltl:]rlcs,

I+rlonll :] I)ro;ld ran~c 0[ llmler-ia]

c,ll:l]-:l((t~l-i~:ll iol)s, incl[ldil)< IIwclmIl-

ical (Cstill:<, slfrfarc all:llysis. (h CI--

111:11prop(’l”ly I1l(JLISII I-(,111(,111 t’l(x,(l-oll

nli(, ros(opv.” sl)c([]-or]l(~il-y~. :Irlcl WC>(

cllerili(al i]n:llyscs.

Fabri(:llc :1 kvide varic~y ol’ prototype

parts usi~lg lil(’l-lllolol-rllirlg.” lx)ndin<.

Iilanwl]t willdill,<. coalitlg, cncapsLl -

Iatillg. lllillillq, compression rlloldirl~.

and trallsl’er nmlding operations,

. Perform failure analyses: these

include encapsulant and aclhesivc

removal ~aswell as use of nletallo-

graphic and scanning electron micro-

scopic techniques.

Capabilities

●

☛

●

✎

✎

●

●

●

Coat with organic materials such as

epoxies, urethanes, and silicones

usirlg spray. brush, or dipping tech-

niques.

Employ anaerobic, aerobic, and

ultraviolet (UV) c[lrillg nlethods on a

wide range ol ,geonletries Ior bonc]in<g

operations,

Prepare surfaces by plasnm clean-

ing. sa~ldblasting. etchinx, and

priming.

Encapsulate llsin~ Ioarrls, ekls-

tomers. arid rigicl resins (typical

resins used are epoxies, silicones,

and l>olyLlretll:illes).

Fabrieaic polymer composites using

hand Iayllp. Iaminaling, and lil:l-

lllcnl winclirlg. Thrwe rnatcrials are

conlpose~l 01 fibers in all epoxy, po]y

inlidc, or sili(wr)e rrsin malrix.

Tllernlolorm a ~wriety o] ll]crnlopk~s-

ti( nmtrria]s SIICI1 as llc)ly(:lrl>O1l~lte.

polynlel hyl lncthacrylat e. polypropy-

lene, and poly’styrenc.

PerlorIll eompressiorl an(l Ir:lt]sler

llloldill,g of al] l}7pcs ol Qeol)lrtritw

llsiIl,q 1hernlosct(i]l,g ]-wins sLIch as

~’t)(v. sili[ollc. ph(’rl(~li~. :UK1 POb-
i]l)i{lc.

I)erlornl rubl)er nli]ling of 2111(ypcs of

el:is(omtv-s s[lch as silicones, lllltyl.
and Ileopl”ell(’.

Major resources

●

●

●

●

A staff, with training from PhD

through ‘lYadcsrnan level, which

allows (rs to support projec[s across

the entire spect rum of polymer

issues,

Processing equipment: dry wall [or

spraying, sandbkmters, ovens. alltm

clavcs. wlcllLlnl castinx equipnlcnt,

therrnofornler, rubber mill, filament

winder, plasma cleaner, vapor

degreaser-. laminator, ancl transfer

ancl compression nloldillg presses,

Analytica] eqllipmcnt: Follrier- tralls-

form in frarecl spcct remet er for nlatc-

rial icfclltification, thermal analysis

equipment sllch as differcntia] scarl -

Ilillg calorimeter. tllel-rllorllc. c~h:lrli(:~l

anal. vz.cr.and therrrml gravimct ric

analyzer for glass transition. (wrfI”i -

cient of’ thcrnml expansion. specific

heat, rezactiorl kinetics. and (herrlm]

decomposit ion analysis,

Mechani{a] pm])crt ies: load lranws,

(Iynamic mechani(wl 1hcrtnal al)alvx-

er, and temper-ature chamhcrs lbr

dctcrnlillill<g lnechanica] dalllpenill, g,

tllerll)orlle(ll:llli(:ll properties, elastic

nwduli. mechanical st ren,gt h, and

fracture tollghncss,

A polycarbonate flash goggle housing,



A 30-mg EN8 (polyurethane) sample for

thermal gravimetric resorption of EC7R,

a new nonchlorinated cleaner

Selected accomplishments

●

●

●

●

Developed a UV-cured coating that

eliminates the use of hazardous sol-

vents found in many other coalings.

Devrlopecl new epoxy curatives to

replace existing hamrdous (carcino-

genic) nmterials.

IntrodLlced a novel, quantitative

torque adhesion test that measures

adhesion 01’ thin [ilms or strengths

between material interfaces.

Developcd an experimental terh-

nique to nwas~lre resiclual strains

that develop during potting, curing.

and thermal cycling of various

assemblies. This nlethod was suc-

cessful in veri%ing the thernlo-

rnechanical proper-ties of encapsLl -

Iants used in fini{c’-clerrwnl analyses.

A McClean-Anderson filament winder is

used to fabricate a flexible shroud from

Dupont Kevlar and a thermal barrier sili-

cone resin

mSandia National laboratories
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Mechanical

Machining

~

Sandia
National
laboratories

Precision multi-axis, right-angle milling

operation.

Macbinil]g’s diverse leanl nlembers

work onc-omolle with designers and

becomr involved early ill the design

process to allow Ior Design for

M:irl~ll’:~ctlll-:il> ilil}. W? also provide

technical liaiso]l and work with en~i-

nccrs, using their sketches as well as

clrawings (0 fabricate a variety of proiw

type {wnlponel](s and assenlblies.

Capabilities

● Projec( Macl~il~ing. Machine and

assemble prototype Conlponerlts l-or

various Sandia pro~rarm.

. Miniaiure Ma(.hinin~. Sk-L-to-finish

fabricat ion of very complex miniature
(0.0002-in. (oleran[es) me(hm,isms.

● Heavy Machining. Fabricate and
assemble prototype hardware that
exceeds 12 in. in diameter or 18 in. in

length.

● Sheet Metal. Provide mechanical

assembly services. Design and labri -

cate special toolins and fixtures to

meet customer requirements and cut

supplied materials to specifications,

Design and fabricate a variety of conl-

plex assemblies and components,

such as precision sheet metal devices

and hot metal forgings.

●

●

✍✎

Explosives Ma(binin~. Provide s~lp-
port for explosive test projects by

machining explosives into various

conligurat imls as we]] as assemble

and clisassemble (post moriem)

clcvices containill<g explosives.

Conlposiles and Surface FinishirrS.
I,apping and polishin~ to nlicroinch

tolerance finishes and [kILness in

light bands, precision Krinc[ing of

many exo( ic mat erials [stlch as

q~lartz. sapphire, boron nit riclr. and

tungst ml), and machining of con~pos -

ite nlateria]s (such as carbon, silica

phenolic, ancl fiberglass),

Lapping several tiber optic catmes

Major resources
●

●

●

✎

●

●

Project Machining. NC milliq~

umchines, lathes, arlcl wire-cllt elec-

tric discharge machines (EDMs).

[.ar&c’ Mitsubishi five-axis wire 13DM

machine. This wit-e EDM is one ol’ tile

few large fiyrc-axis EDMs Ioeatecl in

North America. P-our-axis sLat(J-ol’-

the-art EDM sinker. Tbe macllirle is

fl~lly NC programmable and will

acconln lodate parts [I]] (0 8 in. x

17.7 in. x 8 irl.

Minia[~lrc Machining. CNC millil~g

machirrcs, jeweler’s al]d CNC lathes

jig bores, ram ancl wire EL) Ms.

Iicavy Ma(hining. Three-, follr-, anc

five-axis nlachining ccn(crs, IX1l-,<C

lathes ancl boring mills.

Sheet Metal. [?ess breaks. power

rolls, power shears, CNC shec( mcki[

punches, and power for~in~ presses.

Explosives Machinillg. I.albc, lliilli]l~

machine, hydraulic press, a]ld a

Bridgeport milling nlachit~e, These

machines were modified for m:a(,him

ing 01 explosives and bavc conl rols Ibr

r-enlote operation.

Composites and Surface fi”inishillg,

Surface ~rinclccs (rapacitics from 6

in. x 8 in. to 36 in. x 96 in.), o~lter-

(0.11.) and inner-diameter (I. D.) u]li-

versal grinders (capacities from 0.050

[o 30 in. in cliameter), arid IIoning

machines. State-of-the-art equipment

includes CNC ji,g grincler-s [for ,qr-incl-
ing complex c[JrlfigL1l-:lti(Jlls in a wicle
variety 01”nlaterials), lapping aancl po-

ishing machines, and verification
inspection equipment.



Selected accomplishments

.

●

●

●

●

✎

●

Fabricated a 1[111-scale model of a

Soviet missile la~lnchm-.

Modified F 111 B crew module for

wind tunne] tests.

Fabrical ecl two [light test reentry

vehicles in{ ’]uciin~ the subst~”ucture.

cover, and nose parts.

Fabricated a unique ancl precise five-

axis filnl positioner- for takitl<q pho-

tographs d~lri~}g wind t{lnne] tests.

Fabriratecl quartz antennas for proto

type Icstill,q.

Ik]lished Iiher optics for arlllillg

devices.

Machinrd ceramic components for

neLltroll tube development.
Traveling wire electrical discharge

machining (EDM) of fine features in steel

blank

NC jig grinding of features in a precision

straight edge

(inSandia National laboratories
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Mechanical

—
(i!@)Sandia

National
laboratories

Manufacturing Engineering

Sandia’s Ma]lufactur-in<q Engineering,

gro~lp provides alr irlt egral ect prototype
and pt-ocluction scrvicc. Our work

includes process ctevelofmlent. piece

part fabricatiorl. ancl lhc assembly 01’

prototype pr-ecisiorr componen(s. These

irlclude small lli<<ll-:lcc.llr:lc}~ nlerllani -

cal assemblies. hip&erler-<<y [apaciiors.

ncul ron ,generators. and rolami(cs.

We also design, fabricalc. and asserrrble

spccia] (Ilc)rlcc]llllllerci:ll] processing

equipllrmlt. WC fabricate and LLssemhlc

prololypr capa(’itfjrs ~lsillq windill,g

machines and a fill station that were

desi~ned and bLlil[ a[ Sanrtia. OLIr stalf

has :1 variety of skills llmt incl[ldes

design, process dcvrloplllerlt, machim

in,<. and ele[t rol]ic labricat ion.

Major resources

●

●

●

●

CNC milling r&chines, electrical dis-

charge machine (EDM], jig bore,

lilthcs, milling machines. and

grinders.

Clean Fkmms. Class 1000 and Class

100.000 clean rooms are eqllipped

with a capacitor- winditl<q machine,

X-r-ay Illachinc, resistance welder,

Ins[roll lrsler, a]ld OlympLIs

nlicroscope lbr microphot ographv that

allow us 10 :]ssenlble and test minia-

(Ilre colllponenls and ele[[rorllccl]:lrli-

c:ll devices.

Ell~illeering laboratory. Capacilor fill-

ing nl:lchine. ~ll(rasollic welder, leak

clel e(’[ol-s. ilncl LIIIra.sonic (Iwlner.

Capacitor f:ibrira( ion eqllipnle]l[.

Rolamite fill station (silicone fill).

colll]lllt ct--(’olltl -(>lle[l [nstron tcsler,

hif$-speed camera.

C:~pacitor winding machine. This

Illarhinc features {l~Ii(ll/I~lc)toI- terl -

sioning Illechanisnls, close(l-loop tell-

sion (wI1l t-o]. precision nmterial vclo(’i -

ly :lnd acce]erat ion cent ml. red Liced

[Ila(hille s(ill”ness in tbe [ilrll [rave]

direclion. lou~-lm’el illdlls[rial atld

higll-lmx,l sllpervisory comp~ller (x)I]-

{rollers. :111(Iall illlprovc(l h(lman

illlcrfa(.e.

Sectioned view of a precision compo-

nent capacitor,

Mechanical size measurements of a

precision part,

Precision mechanical assembly in clean

room,

Selected accomplishments

●

●

e

.

●

●

Esklblishcc] the capacity to :Isscmblr

Icrroelectric neui roll ,grmcratm-s Lisin2

\vc’tll]O1l-rel:lte(l proccssill,<.

Developed molds, sllrll :1s Ii)]- fo:in)

cncapsulalillg baiter-y p:i(ks.

Assiste{l in the design, pro(,css

development. and prol olypc labri(,:i-

liml 0[ pel-llLloroc:lI-lJoll liqLii{l

(FILrori]lcrl (TM)) -1’illtd plasl ic cli(lt,(,-

1ric Capacitors.

l-:]bri(;]~cd. i]sse]rlblt[l, ;111[1Ilclp(, d
(,\ral Lla(c proio[ype” :11)[1 (ICV[, I()[)III(Y)(

of” clc(. t l-olllt~(.llt~llit:ll s:il”itlg :illcl L,llvi-

ronmcnta] sensi]lg devices. WC [lllJ[-i-
(.:l(c(l and evalLl:lt(~cl (J\,(.r ~K)O lllilli:l-

Il]re precision sprin~s.

Fabri(:i~ed. asscnlblecl, al)(] pt-()\,i(l((l

process c[rvelopnict)t as VWII ;IS lrolb

blcshoolitlg fot- rolalrlites with IIIC

electrically ,qro~li](led slee-(:lsr

desi, qn.

M:aIu),ged rllajor pr-ojrcts, il~(l{ldit~,g

(@lSandia National laboratories
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Mec )anical

Computer-Aided Manufacturing (CAM)
and Stereolithography

(inSandia
National
laboratories

Stereolithography activity provides

computational, networking. and soft-

ware resources as well as desktop marl-

ukwluring. Otlr experience includes

corrlpllter systems software, real-time

process cent ml, data aequisi(ion.

database management, rnarrufaet uring

processes, numerieal control (NC) pro-

granuning, computer graphics, mechan-

ical design. and networking.

Developing hybrid microelectronics cir-

cuits using a CAD/CAM system,

Cababilities
Parts Programming

● Review the err~inccv-ing desi<gn for

accuracy and clarity,

● Propose design changes to improve

rrlanufacturabi] ity.

● Devise process plans with the con-

cerned cratl specialists.

● I>esifgl fi.XLLlrin~ for securirl~ Lhe

part ill ea(h sct(lp position.

● Prepare the CAD database or con-

SLrLIC( the geonletry [or proc]Llcirlg

the p:art and ir]spwtion paths.

● Prqqam the i 001 paths prescribed

in [he process plan.

● Modi[~ tool paths for prodLletiorl -

read~ Skl(LIS.

Software Dtvx~lopmwli

●

✎

●

●

●

●

Uncierstand requirements.

Develop prototype software and

hardware to determine the leasibili-

[y for completing the requirements.

Delinr the interfaces, determine the

database infornmtion and struet ure.

and design the progranls.

Generate and test (hc computer

codes.

Develop regression testing tech-

niques and acmlrnulate a suite of

test programs,

Install software and train users.

Major resources
● VAX 8550 cornputcr and Tektronix

workstations with ANVIL-5000

CAD/CAM software.

● [ntergraph workstations and soft-

ware for electrical CAD/CAM.

● 3D Systems laser st[:re(jlitho~n~l>lly

model SL&250.

CAD/CAM system for NC program

development and verification,



Selected accomplishments

● Programmed NC ]nachines (from

lathes to five’-axis machining centers)

to produce complex prototype

mechanical hardware. We use com-

puter graphics solid modeling tech-

niques to verify tool path pro,granls.

The craft specialists are also trained

to use the CAD/CAM system, there-

by enhancing our rapid prototypirrg

capabilities.

● Developed prototype expert system

software that uses the ANVIL-5000

cngineerirr~ design databases to

assist in the programming o] drillinz

and milling machines. The software

has the demonstrated capability [o

reduce current programming times

by 80 percent.

● Established a computer system and

purchase order (PO) database for

retaining contractor performance

(cost. quality. schedule). PO data is

collected from technical fabrication

coordinators, purchasing clerks. and

receivirr~ personnel to provide timely

status reporting.

● Interfaced an Inter-graph electrical

CAD system with manufacturing

equipment and the Sandia Central

Computing Network to provide

CAD/CAM integration.

Stereolithography fabrication of proto-
type parts and patterns.

. .-

CElSandia National laboratories

SAND 91 -0744 /7400 /f-ia





Manufacturing 
Technologies 

Sandia 
National 
laboratories 

Communications Consultant: 
Marty Noland 

Writer: 
Janise Baldo 

Designer: 
Gene A. Clardy 

IssIied by’ Salldia Na[ional Laboratories. operated for the Uni~ed Statc>s LkpartrIImI( of Enerq, by 

Samiia CWrpora( ion 

NOTICE: This rrpor[ was prepmccl as an accotln[ of work sponsored hy an agetl(y 01 (he [J]li(cd 

Sta(cs Gm,emmen{. h-ri(her the United Sta[cs (kwemmen( nor any agerlcy (hereol. nor aII,V 01 

lhcir empl[wecs. nor anv of [Ileir contrw.(ors. s~ll](.orl(riiciors. 01- their employees. makc~ ally 

warran (v. cxpre.s.s or implied. 01- assumes anv leg<l] liability or responsibility Ior the a(r IIracv. 

(c)rllt)lc~[ctless, or usefulness of any inl’ormat ion. appnra [us. prod(]c(, or pmccss disclosed, ;>r 

reprtwm(s [ha( i[s lISC vml]ld not inlrinq- private]y owned ri#]ls. Reler(, ncr herein (o any specific 

commrr (ial produ [(. process. or scmice by t I-ade rmmc, trademark, mmllfac(urer. [m otherwise. 

dms no( ne[.cssal-i]y cons[i(ute or impty i[s endorsement. reco]ll]ll(tld:ltio]l, or favorin< by the 

[J1litd States Gmrcrnmml, any’ agency thereof or any of IIleir contractors or s,ltx’ontradors. The 

~riews and opinions expressed hereil] do not ne(-essarily s[ale or refle(d (hose of the United S(atcs 

G(wernn]cnt, or any agency (hcrcol or my oft heir con(rart ors or suhcorltmc(ol-s. 


	SOLID-STATE PROCESSING
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	HYBRID MICROCIRCUITS
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	PRINTED CIRCUITS
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	ELECTRONIC FABRICATION
	OUR EFFORT INCLUDES
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	MEASUREMENTS AND STANDARDS
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	METALS
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	CERAMICS
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	GLASS
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	THIN FILM AND BRAZING
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	POLYMERS, ADHESIVES, AND COMPOSITES
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	MACHINING
	CAPABILITIES
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS

	MANUFACTURING ENGINEERING
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS
	CAPABILITIES
	COMPUTER-AIDED MANUFACTURING (CAM)
AND STEREOLITHOGRAPHY
	MAJOR RESOURCES
	SELECTED ACCOMPLISHMENTS


